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ABSTRACT 

In  Mediterranean  climate  which  characterized  by  warm,  dry  summers,  cool  and  wet  winters,  drought  stress  affects 
growth  and  survival  of  species.  Study  of  the  impact  of  drought  on  some  biochemical  features  would  contribute  to 
understand  strategies  of  Pistacia  lentiscus  to  cope  with  Mediterranean  field  conditions.  Seedlings  of  P.  lentiscus  were 
subjected  to  summer  drought  in  greenhouse  by  without  watering.  Seeds  of  plants  growing  in  the  Azazga  region  (North 
Slope  of  Kabylie)  and  Bouira  one  (southern  slopes  of  Kabylie)  were  used  to  obtain  seedling.  Relative  water  contents, 
proline  (osmotic  solute),  pigments,  lipid  peroxidation,  total  polyphenols,  total  flavonoids  are  investigated. Drought  induced 
a slight  but  significant  decrease  in  relative  water  content  and  an  increase  in  the  proline  level  indicating  the  maintenance  of 
osmotic  balance.  Total  polyphenols  and  total  flavonoids  were  not  influenced  by  the  drought. 

KEYWORDS:  Drought  Stress,  Mediterranean,  Pistacia  Lentiscus,  Lipid  Peroxidation,  Total  Polyphenols,  Total 
Flavonoids 

INTRODUCTION 

The  Mediterranean  climate  which  characterized  by  warm,  dry  summers  and  cool,  wet  winters  (Daget,  1997;  Spano 
et  al  2003)  was  considered  the  most  vulnerable  regions  to  climate  change  with  a pronounced  warming  and  a sharp  decrease 
in  precipitation  in  the  spring  and  summer  seasons  (Gao  and  Giorgi,  2008). In  its  ecosystems,  the  summer  water  deficit  is 
considered  the  main  environmental  constraint  for  plant  growth  and  survival  (Galmes  et  al  2007)that  can  seriously  reduce 
crop  productivity  and  causes  changes  in  biomass  accumulation,  grown  rate  and  many  other  physiological  or  structural  traits 
(Chatanya  et  al  2003;Sepanlo  et  al  2014). 

In  response  to  drought  stress,  plants  adopt  various  mechanisms.  Plants  witch  accomplishestheir  life  cycle  when 
water  is  plentiful;  those  tolerate  the  drought  by  accumulating  high  concentrations  of  substances,  allowing  to  withstand 
dehydration  such  as  secondary  metabolites  (Kleinwachter  and  Selmar,  2015),  compatible  solutes(Bartels  and  Phillips, 
2010);  and  those  avoid  water  deficit  by  a suite  of  traits  that  modulate  water  utilization  such  as  Root  system  traits  and 
C3/C4  or  CAM  photosynthesis  (Mullet,  2009). 

Pistacia  lentiscus  L.  is  a dioecious,  evergreen  small  tree  or  shrub  of  the  Anarcadiaceae  family  up  to  8 m tall, 
widely  distributed  in  a variety  of  habitats  in  Mediterranean  ecosystems  (Correiaand  Diaz  Barradas,  2000);  it  behaves  as  a 
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thermophilous  species,  growing  in  warm  areas  at  low  altitude  and  medium  altitudes  (Flexas  et  al  2001).  Thus,  it  may  be 
used  for  reforestation  programs  under  Mediterranean  climatic  conditions  (Garcia-Fayos  and,  Verdu  1998).  It’s  one  of  the 
most  important  Mediterranean  “keystone”  species  (Naveh,  1995)  and  is  an  interesting  model  species  for  evaluation  of 
drought  effects  (Ai'tSaid  et  al  2013).  The  present  study  was  aimed  todetermine  drought  tolerance  among  tow  populationsof 
Pistacialentiscus  with  reference  to  lipid  membrane  peroxidation,  chlorophyll,  proline  and  polyphnenol  contents. 

MATERIAL  AND  METHODS 

Plant  Material  and  Culture  Conditions 

The  fruits  of  Pistacia  lentiscus  plants  growing  in  the  regions  Azazga(North  Slope  of  Kabylie)  and  Bouira 
(southern  slopes  of  Kabylie)  were  used  in  this  study.  The  two  batches  of  the  fruit  containing  the  seeds  were  soaked  in  water 
for  24  hours  to  remove  the  pulp.  The  floated  seeds  (non-viable)  were  removed  and  the  remainder  was  scarified  with 
concentrated  sulfuric  acid  for  15  minutes  and  immediately  rinsed  and  kept  under  tap  water  for  24  hours  to  remove  all  traces 
of  sulfuric  acid  (Ates,  2011).  100  seeds  per  population  were  germinated  on  two  layers  of  filter  paper  moistened  with  10  ml 
of  distilled  water  in  Petri  dishes  incubated  at  room  temperature.  After  15  days  of  incubation,  the  seeds  of  the  two 
provenances  germinated  with  86.36  +9.24  81  and  81,82+10.79  % respectively.  At  the  two  leaves  stage  (twenty  four 
seedlings  for  each  provenance  were  planted  in  bags  containing  about  2 kg  of  soil  collected  in  the  area  of  growth  of  the 
species;  the  bags  were  placed  in  a greenhouse  at  the  Institute  of  Agricultural  means  specialized  technology,  under  natural 
conditions  with  temperatures  reaching  51,  6+  3,84  °C  in  average,  and  watered  as  needed,  about  twice  a week. At  the 
beginning  of  stress  (mid-August),  half  of  the  plants  were  subjected  to  water  stress  by  suspending  watering  for  twelve  days. 
Because  two  plants  were  dead,  others  were  watered  twice  and  then  stressed  for  twelve  days. 

Relative  Water  Content  (RWC) 

Five  plants  from  each  treatment  were  randomly  selected.  The  relative  water  content  was  evaluated  according  to 
the  method  described  by  Seelig  et  al  (2009),  briefly  Fresh  weight  of  the  sample  leaves  (FW)  was  obtained  by  weighing 
them  immediately  after  sampling  using  a precision  balance;  Weight  at  full  turgor  pressure  (TW)  was  obtained  after 
saturating  samples  in  water  for  24  hours,  and  dry  weight  (DW)  was  obtained  after  oven  drying  samples  at  80C  for  24h. 

RWC  (%)  = [(FW-DW)/(TW-DW)]T00 

Proline  Contents 

For  each  sample,  lOOmg  of  dry  leaves  were  mixed  with  2mL  of  80%  of  methanol  (v/v)  and  heated  in  a Water  bath 
at  85°C  for  lhour.  After  cooling,  lmL  of  leaf  extract  was  mixed  with  lmL  of  acidic  ninhydrin  reagent  and  lmL  glacial 
acetic  acid.  The  mixture  was  well  shaked  for  few  seconds  and  incubated  in  a water  bath  at  100°C  for  30mintes.  After  an  ice 
cooling  period  of  3 minutes,  5mL  of  toluene  were  added  to  the  mixture  and  vortexed  again.  The  upper  phase  of  the  mixture 
was  collected  and  dehydrated  with  a pinch  of  anhydrous  sodium  sulfate.  Then,  absorbances  of  leaf  samples  were  measured 
and  calculated.  Proline  contents  were  measured  by  colorimetric  method  as  described  by  Thiam  et  al  (2013).  The  amount  of 
proline,  on  a fresh-matter  basis  of  plant  leaves,  was  determined  according  to  a calibration  straight  graph  constructed  from  a 
series  of  standard  proline  solutions.  The  absorbance  of  toluene  phase  was  estimated  at  528  nm  using  UVmini-1240  UV-Vis 
Spectrophotometer  Shimadzu.  Appropriate  proline  standards  were  included  for  the  calculation  of  proline  in  the  samples. 
Each  measure  was  repeated  three  times  to  ensure  reproducibility  of  results. 
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Leaf  Pigment  Content 

Frozen  leaves  samples  (0.2  g)  were  analyzed  for  chlorophyll  contents.  The  leaves  were  ground  in  3 ml  cold  80% 
acetone  using  a pestle  and  mortar.  Acetone  extracts  were  centrifuged  at  3000  g for  10  min  and  the  resulting  pellets  were 
extracted  in  cold  80%  acetone.  This  operation  was  repeated  three  times.  The  successive  supernatants  were  pooled  and 
centrifuged  at  4000  g for  5 mintes  for  clarification.  The  absorbance  of  the  acetone  extracts  was  recorded  at  626,  647,  663 
and  470  nm  using  L1V/VIS  spectrophotometer.  The  amounts  of  Chlorophyll  were  calculated  according  to  Porra  (2002). 

Lipid  Peroxidation 

100  mg  of  leaves  samples  were  homogenized  in  5 ml  of  0.1%  trichloroacetic  acid  (TCA).  The  homogenate  was 
centrifuged  at  10  000  x g for  5 minutes  at  4 °C.  Aliquot  of  1 ml  supernatant  was  mixed  with  4ml  of  0.5%  thiobarbituric 
acid  (TBA)  prepared  in  TCA  20%,  and  incubated  at  95  °C  for  30  minutes.  After  stopping  the  reaction  in  an  ice  bath  for  5 
minutes,  samples  were  centrifuged  at  10  000  x g for  10  minutes  at  25°C.  The  supernatant  absorbance  at  532  nm  was 
measured  usingUVmini-1240  UV-Vis  Spectrophotometer  Shimadzu.  Lipid  peroxidation  rate  equivalents 
(nmolmalondialdehyde  ml-1)  were  calculated  by  using  the  formulae  given  by  Hodges  et  al.  (1999). 

Polyphenol  Extraction 

The  samples  of  Pistacia  leaves  were  dried  in  the  open  air  and  in  the  dark.  Samples  were  grounded  in  the  blender 
before  the  extraction.  The  mean  particle  size(d=0. 3092+0. 16  mm).Plant  samples  (0.5  g)  were  extracted  by  80%  ethanol 
(5ml)  at  50°C  for  30minutes.  The  solutions  were  centrifuged  at  2400  g for  20  minutes,  the  supernatant  was  recovered  and 
adjusted  with  80%  ethanol  and  stored  at  - 20  ° c. 

Total  Flavonoid  Determination 

The  method  used  to  determine  total  flavonoids  is  derived  from  the  protocol  described  by  Li  et  al.  (2010).  Briefly, 
0.5  ml  of  the  sample  solution  was  introduced  into  a test  tube.  The  volume  was  made  up  to  3 ml  with  distilled  water  and 
then  0.3  ml  of  NaNCL  (1:  20)  were  added.  After  6 minutes,  0.3  ml  of  AlClswere  added(l:  10).  4.0  ml  of  1M  NaOH  were 
added  later  6min.  Then,  the  whole  was  adjusted  to  10  ml  with  distilled  water.  The  solution  was  shaken  well  and  incubated 
for  15  minutes  at  room  temperature.  The  solutions  were  scanned  by  UV mini-1240  UV-Vis  Spectrophotometer  Shimadzu, 
using  quartz  cuves  (1.0  cm)  at  506  nm  against  a blank.  The  rutin  was  used  as  the  standard  for  a calibration  curve.  The 
flavonoids  content  was  expressed  on  mg/g  DW. 

Total  Polyphenolic  Compound  Determination 

300  pi  of  ethanolic  extract  were  added  to  test  tubes  containing  2100  pi  of  distilled  water  and  150  pL  of  FC 
reagent.  The  mixtures  were  vortexed  and  allowed  to  equilibrate  (20  °C,  10  min)  after  which,  color  was  stabilized  by  the 
addition  of  sodium  carbonate  (450  pL  of  a 0.7  mM  solution);  then,  the  mixture  was  vortexed  and  incubated  at  40  °C  for  20 
min.  Tubes  were  cooled  rapidly  in  ice.  The  developed  color  was  read  at  765  nm  using  polyphenol  content  was  expressed  as 
mg/g  DW  (mean+SD)  (Ramirez-Sanchez  et  al  2010). 
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Data  Analysis 

Statistical  analyses  were  performed  using  Statisica  7.1.  All  the  experiments  were  conducted  with  a minimum  of 
three  replicates  and  results  were  expressed  as  mean  + standard  deviation  (SD).  Data  were  subjected  to  one  way  ANOVA 
followed  by  Newman-Kurls  when  differences  were  significant.  Statistical  significance  was  set  at  P<0.05.  Data  were  tested 
for  normality  by  shapiro wilk  test  and  for  homogeneity  by  Levene’s  test. A principal  component  analysis  was  used  to 
examine  potential  correlation  between  different  parameters. 

RESULTS 

Relative  Water  Content  (RWC) 

The  relative  water  content  (RWC)  is  a key  indice  for  drought  stress  study  (Talbi  et  al  2015).  At  the  beginning  of 
stress,  both  populations  displayed  similar  values  of  leaf  RWC  (Fig.  1).  It  was  96+3  % and  95+1  % for  Azazga  and  Bouira 
respectively.  However,  the  difference  between  the  control  and  the  stressed  plants  was  significant  for  both  populations 
(p=0,002)  although  leaf  RWC  decreased  weakly,  with  4%  and  3%  respectively  during  drought  stress. 


Figure  1:  Changes  in  RWC  (%)  of  Two  P.  Lentiscus  Populations  (AC:  Azazga  Control,  AS:  Azazga 
Stressed,  BC:  Bouira  Control,  BS:  Bouira  Stressed).  Values  Are  Mean±SE  Based  on  Four  Replicates 
Proline  Content 

Under  control  condition,  the  results  obtained  showed  that  proline  contents  were  similar  in  both  P.  lentiscus 
populations  with  13,26+2,15  and  1 1,83+1,57  pmole/g  FW  in  Azazga  and  Bouira  respectively.  However,  in  stressed  plants, 
the  increase  was  about  2 fold  in  average  (p<0,000001)  (fig.)  likely  due  to  an  increased  need  of  proline  for  processes  such 
as  increased  protein  biosynthesis  or  due  to  a blockage  of  proline-consuming  processes  (Ramadan  et  al  2014). 


Figure  2:  Changes  Inproline  Contents  (pg/Ml  FW)  of  Two  P.  Lentiscus  Populations  (AC:  Azazga  Control,  AS: 
Azazga  Stressed,  BC:  Bouira  Control,  BS:  Bouira  Stressed).  Values  Are  Means±SE  Based  on  Four  Replicates 
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Pigment  Content 

Under  control  conditions,  both  populations  exhibit  significant  differences  in  the  levels  of  all  leaves  pigments  (p 
value<0,05),  seedling  from  Brouira  showed  higher  value  than  those  from  Azazga  whereas  the  Chi  a/b  ratio  in  Azazga 
seedling  was  higher  than  in  Bouira  seedling  . Water  stress  induced  a conspicuous  decrease  as  well  in  all  the  pigments  than 
in  chi  a/chl  b ratio  (p  value  <0,05).  All  pigments  decreased  in  Bouira  population  more  than  in  Azazga  one;  chi  a,  chib, and 
car  (c+x)  decreased  respectively  by  42,29%, 32, 32%  and  21,43%  in  Azazga  population  while  they  were  47,05%,  46,00% 
,24,49%  and  in  Bouira  one.  Moreover,  the  differences  of  ear(c+x/total  chi  and  chla/chlb  ratios  were  insignificant. 


Figure  3:  Changes  in  Pigment  Content  (pg/G  DM)  In  Leaves  of  Two  P.  Lentiscus  Population  Seedlings 
under  Drought  Stress.  A:  Chlorophyll  A;  B:  Chlorophyll  B;  C:  Total  Carotenoids;  D:  Total 
Carotenoids/Total  Chlorophyll  Ratio  E:  Chla/Chb  Ratio  Values  Are  Means±SE  Based  on  Four  Replicates. 

Values  Are  Means±SE  Based  On  Four  Replicates 


Lipid  Peroxidation 

Under  control  conditions,  the  difference  in  concentrations  of  MDA  in  leaves  of  the  two  populations  was 
insignificant  p value=  0,28;  it  was  4,09+0,41  nmol/ml  and  2,44+1,02  nmol/ml  in  Azazga  and  Bouira  populations 
respectively.  Compared  to  control,  stressed  seedling  showed  higly  MDA  concentrations  in  both  populations  (p  value 
=0,0016)  where  they  reached  the  same  level.  The  increment  in  Bouira  population  was  121,31%,  whereas  it  was  only 
30,80%  Azazga  population. 
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Figure  4:  Changes  in  MDA  Content  (Nmol/Ml)  in  Leaves  of  Two  P.  Lentiscus  Population  Seedlings 
Under  Drought  Stress  Values  are  Means±SE  Based  on  Three  Replicates 

Polyphenol  Content 

The  differences  in  flavonoid  contents  were  insignificant  between  the  populations  of  P.  lentiscus  under  control 
conditions  and  drought  treatment  (p=0,196)  FT  levels  in  Azazga  population  was  higher  than  in  Bouira  one  (17,%)  whereas 
perspicuous  increase  was  observed  in  the  last  one  (15,12%).TPP  contents  were  insignificantly  different  both  under 
condition  control  and  stress  treatment  (p=0,59).  TPP  varied  from  87,41+5,37  mg/g  DW  to  105,11+1,2.  The  same  tends  was 
observed  in  situ  (data  not  shown). 


Figure  5:  Changes  in  Polyphenol  Contents  (Mg/G  DW)  A:  Flavonoid  Content;  B:  TPP  Contentin  Leaves  of  Two  P. 
Lentiscus  Population  Seedlings  under  Drought  Stress.  Values  are  Means±SE  Based  on  Four  Replicates 

DISCUSSIONS 


Furthermore  the  drought  stress  imposed  to  P.  lentiscus  seedling,  they  were  exposed  to  summer  environmental 
conditions  including  high  temperatures  and  high  light  irradiance.  The  results  of  the  various  measures  showed  signs  of 
stress  in  both  treated  seedlings. Relative  water  contents,related  to  water  uptake  by  the  roots  and  to  its  loss  by  transpiration, 
are  considered  a way  to  evaluate  plant  water  status  (Anjum  et  al,  2011).  The  weak  decrease  in  RWC  in  both  populations 
was  similar  with  the  trend  that  observed  by  Catoni  et  al  (2013);  P.  lentiscus  was  one  of  the  sclerophyllous  species 
maintained  highest  RWC.  Furthermore,  the  reduction  of  RWC  in  Moringaoleifera,  drought  tolerant  species,  was 
insignificant  (Rivas  et  al  2013).  For  these  auteurs,  the  maintained  of  RWC  at  high  level  helps  to  maintain  cellular 
physiological  processes  and  growth.  Prolineplays  an  important  role  in  stress  tolerance.  Its  accumulation  is  the  first  response 
of  plants  exposed  to  water-deficit  stress  in  order  to  reduce  injury  to  cells  (Sankar  et  al  2007;  Anjum  et  al.,  2011). It  was 
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negatively  correlated  with  RWC.  Similar  results  obtained  in  several  drought-stressed  plants  such  as  Cocosnucifera 

(Gomes  et  al,  2010)  and  sugarcane  (Medeiros  et  al  2013).  Proline  is  an  effective  organic  substance,  functioning 
as  well  as  an  osmolyte  conferring  osmotic  adjust,  than  in  the  detoxification  of  ROS  and  the  cellular  stabilization  (Gao  et  al 
2008;  Kusvuran  et  al  2013;  Ben  Rejeb  et  al  2014).  For  Gao  et  al  (2008),  a direct  consequence  of  a higher  proline 
concentration  was  the  relatively  higher  water  retaining  capacity. Drought  stress  generally  causes  decrease  in  photosynthetic 
pigments  (Liu  Y.  et  al  2011;  wang  et  al  2014;Rajasekar  and  Manivannan,  2015).  Nikolaeva  et  al  (2010)  reported  that  chla 
and  b deceased  under  severe  drought  stress  while  chi  a/chl  ratio  remained  unchanged.  On  other  hand,  Chi  a / b ratio 
significantly  increased  in  Broussonetiapapyrifera  and Platycaryalongipes,  but  decreased  in  Cinnamomumbodinieri  (Liu  C. 
et  al  2011). The  decrease  in  chlorophyll  content  under  drought  stress  might  be  due  to  the  increased  activity  of 
chlorophyllase  leading  to  chlorophyll  degradation  (Ajithkumar  and  Panneerselvam,  2013;  Ajithkumar  and  Panneerselvam, 
2014)  and  thus  to  degradationof  chlorophyll-proteincomplex  of  the  thylakoids  under  severedrought  condition  (Wang, 
2014).  Chlorophyll  loss  would  contribute  to  the  survival  of  severely  stressed  plants  by  reducing  the  amount  of  photons 
absorbed  by  leaves  (Munne-Bosch  and  Alegre,  2000)  reduce  the  proportion  of  PSII  (Ait-sa'id  et  al  2013).For  Jain  et  al 
(2013),  decrease  in  chlorophyll  was  due  to  decrease  in  chlorophyll  biosynthesis  rather  than  its  degradation.  Ait-sai'd  et  al 
(2013),  working  in  situ  on  adult  individuals  of  P.  lentiscus,  found  that  carotenoids  increase  in  summer.  This  difference 
would  be  due  to  the  development  stage  of  the  plant,  intensity,  duration  and  rate  of  progression  of  the  stress  (Chaves  et  al 
2009). The  MDA  contents  were  significantly  higher  in  stressed  seedling  than  in  the  controls(p=0,0016).  The  increase  in 
Azazga  seedling  was  only  1,31  folds  while  it  was  2,28  folds  in  Bouira  seedling.  This  increase  reached  same  level  in  both 
populations  (5,35  and  5,40  nmol/ml).  It  may  be  caused  by  the  combined  effect  of  the  heat  and  drought  where  Bouira 
population  could  be  more  sensitive  than  Azazga  one.  The  increase  has  been  generally  observed  in  plant  stressed.  This 
suggested  that  under  combined  environmental  stresses  such  as  drought  and  high  temperatures,  Azazga  population  were 
more  adapted  than  Bouira  one.  Under  drought  treatment,  both  flavonoids  and  total  phenolic  compounds  differ  in  various 
studies;  in  some  ones  there  was  an  increase  (Trabelsi  et  al  2013)  and  in  others  there  was  a decrease  in  the  rate  of  TFC 
(McKiernan  et  al,  2014)  or  no  significant  difference  with  favorable  conditions  (Daniels  et  al  2015).  Flavonoid  contents  of 
Quercus  ilex  decreased  generally  in  summer  under  drought,  compared  to  winter  but  their  behavior  varies  at  individual  level 
of  these  substances.  So,  epicatechin,  and  epicatechingallate  showed  no  seasonal  changes  whereas  seasonal  variations  in 
flavonol-hexosides  decrease  from  winter  to  summer  (Brossa  et  al  2009).  Liu  et  al  (2011)  studying  two  desert  shrubs,  found 
that  flavonoids  in  Caryopterismongolica  increased  while  they  decreased  in  Reaumuriasoongorica.. Moreover,anthocyanin 
content  increased  in  both  shrubs,  indicating  different  regulation  responses  in  the  flavonoid  pathway.  Alexieva  et  al  (2001) 
found  that  in  pea  and  wheat  plant  anthocyanin  content  was  unaffected  by  drought  while  soluble  phenol  content  was 
significantly  increased.  For  Rajabbeigi  et  al  (2014),  drought  and  UV-B  treatments  affect  phenolic  profile  while  total 
phenolic  content  remained  unchanged. 

CONCLUSIONS 

In  conclusion,  P.lentiscustolerate  drought  stress  by  maintaining  RWC  at  high  level  and  accumulating 
osmoregulator  substances  such  as  proline  conferring  osmotic  adjust  to  the  plant.  However,  itexhibitedoxidative  stress 
manifested  by  the  increase  of  the  MDA  content  and  decrease  of  photosynthetic  pigments. Identification  and  quantification 
of  polyphenols  and  particularly  flavonoids  could  help  to  understand  the  mechanismof  tolerance  of  this  species. 
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